® 



J 



Europaisches Patentamt 
European Patent Office 
Office europten des brevets 




@ Publication number: 0 594 354 A2 



EUROPEAN PATENT APPLICATION 



@ Application number : 93308166.3 
@ Date of filing: 13.10.93 



@ Int. CI.': H04B 7/26, H04Q 7/04 



@ Priority : 23.10.92 US 965481 

@ Date of put)lication of application : 
27.04.94 Bulletin 94/17 

@ Designated Contracting States : 
DE ES FR GB IT 

@ Applicant : AMERICAN TELEPHONE AND 
TELEGRAPH COMPANY 
32 Avenue of the Americas 
New York, NY 10013-2412 (US) 



@ Inventor : Farwell, Charies Yeomans 
1620 Eudora Street 
Denver, Colorado 80220 (US) 
Inventor : Miller, lUchard Dale 
10478 Ogden Stieet 
Northglenn, Colorado 80233 (US) 
Inventor : Wlndhausen, iVchaid Alan 
10302 Xavier Court 
Westminster, Colorado 80030 (US) 

@ Representative : Bucldey, Ciirlstopher Simon 
Thirsic et al 

AT & T {UK) LTD., AT & T Intellectual Property 
Division, 5 Momlngton Road 
Woodford Green, Essex IG8 OTU (GB) 



@ Call handoff in a wireless telephone system. 



s 

CO 

in 



@ A mobnejjnft (ICg ) is si g nalled to tr ansm it a 
^nc Kiron^a5on^ "l>attOT witti voice infbnnatlon 
wfier Tthe sig^ ^strengtlTof "the wireiess mobile^ 
uiTiFis detectBd""By~£rbase^sfati6rr'(104) to be 
approaching a minimum tiireshold. Where ttie 
voice infomnation is initially being transmitted 
in a set of frequency hopping channels using 
spread spectrum transmission, the synchroni- 
zation pattem is transmitted in one or more of 
the set of Irequency hopping channels. In addi- 
tion, ttie base station (104) alerts a system 
controller (101) to tfiis feet, and the system 
controller requests tiiat neighboring base sta- 
tions (102,103) monitor the set of frequency 
hopping channels being transmitted by the 
mobile unit (105). In order to synchronize to tiie 
mobile unit, the base stations (102,103) use ttie 
synchronization pattem to come into 
synchronization with the nK)bile unit The sy&' 
tem controller transfers the wireless nrK)bae unit 
to ttie base station which is receiving the 
strongest signal strength. 
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Technical Field 

This invention relates to cordless cellular, and 
PCS telephone systenns and more particularly, to an 
ariangement for determining to which base station a 5 
mobile telephone should be handed off. 

Background of the Invention 

in a celhiiar communication environment, when a io 
mobile terminal nraves from a first cell to a second 
cell, it Is necessary to transfer the mobile terminal's 
RF convnunicatlon link with the first cell to the second 
cell. This operation is commonly called handoff. Most 
cellular telephone systems in use today divide the is 
available frequency band into channels typically 30 
KHz in bandwidth. The cellular system service area 
Is divided geographically into cells of varying sizes. 
Each cell is controlled by a base station. The available 
frequency channels are divided into sets with each 20 
set usually containing an equal number of channels. 
The frequency sets are assigned to cells in such a way 
as to minimize the possibility of co-channel Interfer- 
ence. In such a system, when the cell receiver han- 
dling the call notices that the receive signal strength 25 
from the mobile unit falls below a predetermined 
threshold value, the cell asks a system controller to 
determine whether any neighboring cell is receiving 
the mobile unifs signal with better signal strength 
than the current cell. The system conbDller in re- 30 
sponse to the current cell inquiry sends messages to 
the neighboring cells with a handoff request which 
specifies the channel used by the mobile unit The 
cells neighboring the current cell employ special 
scanning receivers which look for the signal from the 3S 
mobile unit on the specified channel. Should one of 
the neighboring cells report an adequate signal level 
to the system controller, the system controller then 
initiates a handoff from the current cell to the neigh- 
boring cell. 40 

In present cellular telephone communicatton sys- 
tems, the radio-frequency spectrum allotted Is 60 
MIHz. With such bandwidth, a large number of chan- 
nels can be dedicated to individual cell-base stattons. 
However, in the Industrial Scientific and Medical 45 
(ISM) band, only 26 MHz has been allocated by the 
Federal Conununlcations Commisston (FCC). Fur- 
ther, an implementation of personal oommunteation 
services (PCS) systems can place a large number of 
base stations within the same geographic location, so 
e.g., a building. Further, if a frequency-hopping 
spread spectrum transmission method is utilized to 
provide PCS systems, the method utilized by the con- 
ventional cellular systems of determining the signal 
strength of the mobile unit cannot be used, since fre- ss 
quency hopping from channel to channel makes it dif- 
ficult to synchronize with the nrK>bHe unit 

The problem then is to determine a method and 



apparatus which wfll allow the determination of which 
cell a mobile unit should be handed off to which will 
work in the spread spectrum environment and not re- 
quire the use of reusable dedicated channels. 

Summary of the invention 

This invention Is directed to solving this problem 
and other disadvantages of the prior art According to 
the Invention, yyh en a base station of a cell detects 
t hat the signal strength from the mobile unit is _a p- 
proaching a threshold , th e base unit instructs the mo - 
bile unit to transmit a synchr onggtion pattern on one 
o r^more of a set of frequency hopping channels being 
used for spread spectrum transmisston. In addltton, 
the base station alerts the system controller to this 
feet, and the system controller requests that neigh- 
boring base stations m'dnitorthe set of frequency hop- 
ping channels being transmitted by the mobile unit in 
order to synchronize to the set of frequency hopping 
channels being used by the mobile unit, the base sta- 
tions utilize the synchronization pattern in the select- 
ed channels to come into synchronization with the 
mobae unit Theisystem controller then selects the 
base station which is receiving the strongest signal 
strength. 

Brief Description of the Drawing 

FIG. 1 is a block diagram of a personal commu- 
n Nations service system that incorporates an il- 
lustrative embodiment of the Invention; 
FIG. 2 Is a block diagram of a base station; 
FIG. 3 Is a block diagram of a mobile unit; 
FIG. 4 illustrates, in flow chart form, the opera- 
tk)ns performed by a base unit in response to an 
Initiate handoff command; 
FIG. 5 lllusbBtes, In block diagram form, the or>* 
orations performed by a system controller and 
switch in response to a handoff request; 
FIG. 6 illustrates, in flow chart form, the opera- 
tk)ns performed by a mobile unit in response to a 
handoff message; and 

FIG. 7 illustrates the information that is transmit- 
ted in each hopping channel. 

Detailed Description 

FIG. 1 illustrares a wireless communication sys- 
tem designed to provide PCS-type service for a plur- 
ality of mobOe units such as nrK)bile unit 1 05. Base sta- 
tions 102-104 are each capable of maintaining radk> 
links with mobile units, and each base station Is Inter- 
connected to the system controller and switch 101 via 
link 109. Advantageously, these links may be primary 
rate interface (PRI) links as defined for Integrated 
Services Digital Network (ISDN) communk:ation. 
System controller and switch 101 provides the control 
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and switching facility for interconnecting t>as6 sta- 
tions with each other via Wvks 108-110 or Intercon- 
necting a base station with central office 115 via link 
116 and the corresponding digital link for the base 
station. A link such as 108 may advantageously han- 5 
die up to 23 different calls. Link 118 may be a plurality 
of PRI links. Central office 115 is a central office such 
as the AT&T 5 ESS. Central office 115 is also inter- 
connected to the public telephone system. System 
controller and switch 1 01 may advantageously be the io 
switching system disclosed in the U.S. Patent Appli- 
catbn B. M. Bales, et al. "A Switching System Using 
Identical Switching Nodes', Case No. 7-3-4-3. Serial 
No. 07/836521, filed on December 31, 1990, and as- 
signed to the same assignee as the present applica- is 
tion. This applk:ation of B. M. Bales, et al. is hereby 
Incorporated by reference. 

Wireless communlcatton between a base station 
and a mobile unit such as base statk>n 103 and nfK>- 
blle unit 1 05, Is via a wireless communication link such 20 
as RF link 113. Audio information received by base 
station 103 from mobile unit 105 via wireless link 113 
is then transmitted to system controller and switch 
101 via link 109. This wireless oommunteatton is inrv- 
plemented utilizing spread spectrum technology with 25 
frequency hopping. The specific requirements for the 
frequency hopping are set forth in a Report and Order 
in General Docket Number 89-354, this Report and 
Order being adopted by the Federal Communicatkms 
Commission on June 14, 1990 and released on July 30 
9, 1990. In the present embodiment, 173 channels 
are created in the 902-928 MHz frequency band with 
8 channels used for signaling and 165 channels used 
for voice communicatkm. Each active telephone call 
transmits vok:e informatton in a pseudo-random set of 35 
50 channels. During an active call, voice information 
is transmitted by repeatedly sequencing through the 
set (commonly referred to as frequency hopping) with 
two-way votee transmisston occurring for 5 milliseo- 
onds in each channel. This type of transmission is dis- 40 
closed in greater detail in the U.S. Patent Application 
M. E. Gillis, etal. "A Cordless Telephone Arranged for 
Operation in a Frequency Hopping System", Case No. 
1-6-2-1. filed October 21, 1991, Serial No. 07/779754 
and assigned to the same assignee as the present 45 
application. This application of Gfllis, et al. is hereby 
incorporated by reference. 

Conskler now the following example which de- 
tails how a mobile unit is handed off from one base 
station to a second base statton. Mobile unit 105 is so 
communicating on a call with base station 104 via link 
114. The operations performed to set up such a call 
are explained in the U.S. Patent Application of C. Y. 
Farwell, etal. 'Prioritizing a Multiple Access Channel 
in a Wireless Telephone System", Case No. 4-2-5, 55 
filed on the same day as the present application and 
assigned to the same assignee as the present appli- 
cation. This applk^tion of C. Y. Farwell, etal. is here- 



by incorporated by reference. Mobile unit 105 is in mo- 
tk>n and has changed its position firom that shown in 
FIG. 1 to a position where it is now closer to base sta- 
tbn 103 than base stations 104 or 102. Base station 
104 is measuring the signal strength received from 
mobile unit 105 via link 114. When that signal strength 
drops below a certain threshold, base station 104 
transmits a handof f request command to system con- 
troller and switch 101. System controller and switch 
101 transmits initiate handoff commands to base sta- 
tk>ns 102 through 104. Induded injhe jniti ate handoff 
conrmianj s that are sen t to bgse stations 102 and 103 
is the ch annel hopp ing sequence of m obile u nit 105 
( as advantageously defined by a pseudo-random 
seed ). Base statton 104 Is responsive to the Initiate 
hancloff command to transmit to nnobile unit 105 via 
link 114 a start handoff m^essage. Mobile unit 105 is 
responsive to the start handoff nriessage to com- 
mence sending In the first channel of the hopping 
channel sequence (referred to as hopping channel 0) 
a synchronizatk>n pattern. In the present example, it 
has been assumed that the synchronization pattern 
is only sent in hopping channel 0; however, it ca n also 
b e^ sent In multiple channels . This syncnronizatlon 
pattern is also commonly referred to as a dotting pat- 
tern. Base stations 102 and 103 by knowing the ho p: 
pi ng sequence of n K)bile unit 105 uti liz e the synchron- 
i zation pattern in hopping channel 0 to come into sy ft 
chronizatkm with mobile unit 105. (Base station 104 
is already in synchronization with nrtobile unit 105.) 
B ase statfons 102 through 104 then monitor the sig- 
nal strength from nrwbile unit 1 05 for a p redetermined 
amount of time and transfer this signal strength info r- 
mation back to system controller and switch 1 01. 

System controller and switch 101 determines 
which of the base stations is receiving the strongest 
signal. If base station 104 is receiving the strongest 
signal, no handoff occura, and system controller and 
switch 101 transmits a start normal operatton com- 
mand to base station 104. Base station 104 is respoiv 
sive to this command to send a stop handoff conv 
mand to nK>bOe unit 105 and to resume normal oper- 
ations with nfiobile unit 105. 

For the present example, assume that base sta- 
tion 103 has the strongest signal. System controller 
and switch 101 then transmits an end handoff com- 
mand to base station 103 comnnanding it to take over 
communication with mobile unit 105 via link 113 and 
transmits the end handoff command to base station 
104. System controller and switch 101 then ceases to 
send incoming audio information for mobile unit 105 
to base station 104 and at the same time transmits 
this incoming audio information to base station 103. 
Simultaneously, system controller and switch 101 
perfornis internal switching operations so that the in- 
coming and outgoing audio information for the call is 
now transferred to and firom base station 103 for nno- 
bDe unit 105. In response to the end handoff mes- 
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sage, base station 103 sends mobile unit 105 a stop 
handoff message which causes mobile unit 105 to 
stop transmitting the synchronization pattern in hop- 
ping channel 0. and base station 103 then enters nor- 
mal oonvnunication operations with mobile unit 105. s 
All handoff messages transmitted to mobile unit 105 
are transmitted in opcode fields of the hopping chan- 
nels. In response to the endoff message, base station 
104 idles the radio unit that had been in operation 
with mobile unit 105. io 

FIG. 2 Illustrates, in greater detail, base station 
104. Base controller 201 controls the operations of ra- 
dio units 202-204. Radio unit 202 Is shown in detail 
and radio units 20^204 are simSar in design. Radio 
unlt202 includes dock216 for providing synchronize- 15 
tion to time domain demultiplexer (TDD) 211 and pro- 
tocol converter 21 5. Radio unit 202 also includes ra- 
dio frequency (RF) transceiver 213, antenna 217 and 
frequency synthesizer 212. Transceiver 21 3 compris- 
es bot h a RF transmitter and a RF receiver. Transcelv- 20 
er 213 denKxiulates voice signals and control signals 
transmitted by a nfK>bile unit and couples the voice sig- 
nals via protocol converter 21 5 to base controller 201 
via bus 210. B ase contfoMer 201 provides aj^ ronfroL 
f orradio unit202 via bus210. Control signals received 25 
from tra nsceiver 213 are transferred through protoco l 
converter 21 5 to base controlle r 201 via bus21 0^,Pro- 
t dcol conve rter 215 ^ also responsive to digitellye n- 
6bded voic^lgnals received via bus 210 from base 
controller 201 to convert those digital voice signals 30 
into the forn^t utilized for transmission to a mobDe 
unit Signal strength monitor 214 is responsive to a 
signal from RF transceiver 213 to arrive at a digital 
value representing the signal strength t>eing received 
by RF transceiver 21 3 and to transmit this digital val- 35 
ue to base controller 201 via bus 210. 

Base controller 201 controls radio unit 202 to op- 
erate on only one channel or a hopping sequence of 
channels. Base controller 201 controls a hopping se- 
quence by generating a pseudo-random data list of 40 
frequencies by using a seed in a pseudo-random gen- 
erator as is well known in the art The pseudo-ran- 
domly generated data list is transferred to TDD 211 
via bus 210 by base controller 201. TDD 211 controls 
the frequency selected In the frequency hopping cy- 45 
cle by transmitting to frequency synthesizer 212 at ap- 
propriate times the values stored in the data list gen- 
erated by basecontrbller201. TDD212alsorefreshes 
the frequency synthesizer 212 as the synthesizer 
progresses through the frequency hopping cyde. In 50 
order to have RF transceiver213 transmit and receive 
on one of the dedicated channels, base controller 201 
transfers a frequency data list of 50 entries to TDD 211 
which contains only one frequency, e.g. the frequency 
of the dedicated channel. TDD 211 then controls fire- 55 
quency synthesizer 212 so that transceiver 21 3 oper- 
ates on this one firequency. Clock 216 is used to ach- 
ieve synchronization with the dotting pattern previ- 



ously described and to achieve Big Sync based on in- 
put received from transceiver 21 3 and TDD 21 1 . 

Consider the prevk>us example which was given 
with respect to FIG. 1 in light of the detailed block di- 
agram of radio unit 202 of FIG. 2. Further assume, for 
the sake of the example, that radio unit 202 is pre- 
sentiy in contact with mobile unit 105 via link 114. Ra- 
db unit 202 is responsive to the transmissions from 
mobile unit 105 as received by RF transceiver 213 to 
measure the signal strength utilizing signal strength 
monitor 214. Base controller 201 periodically reads 
the output from signal strength nwnltor 214 via bus 
210. When the signal strength drops below a prede- 
termined threshold, base controller 201 transmits this 
information to system controller and switch 101 via 
109. In response, system controller and switch 101 
transmits the initiate handoff command to all base 
stations. Base controller 201 is responsive to the ini- 
tiate handoff command totransmitthe initiate handoff 
message to mobile unit 105 in the opcode field of one 
of hopping channels. Base controller 201 transmits 
the message to transceiver 213 via protocol conver- 
ter 215. Protocol converter 215 is responsive to sig- 
nals firom dock 216 and TDD 211 to send the mes- 
sage to transceiver 213 during one of the hopping 
channels for transmission. As prevbusly descrit>ed, 
mobile unit 105 is responsh^e to the initiate handoff 
message to start transmitting the synchronization 
pattern (the dotting pattern) in hopping channel 0. Af- 
ter transmitting the initiate handoff message. radk> 
unit 202 functions in the same manner as if it was 
processing a normal call except there is no audio in- 
formation In hopping channel 0; however, base con- 
troller 201 periodically reads the signal strength 
measurement produced by signal strength monitor 
214 and transfere this signal strength information to 
system controller and switch 101. 

Consider now how base station 103 responds to 
the Initiate handoff request received from system 
controller and switch 101. Base station 103 is identi- 
cal in construction to base station 104 and has radb 
units identical to radio units 202 through 204. For 
sake of discusskin, the radio unit and base controller 
In base station 103 are referred to as radio unit 202 
and base controller 201. respectively. Base controller 
201 is responsive to the initiate handoff request re- 
ceived from system controller and switch 101 to gen- 
erate a pseudo-random data list of firequendes from 
the seed whbh is transmitted from base controller 
201. This pseudo-random data list of firequendes is 
identical to those being utilized at this time by mobile 
unit 105. However, dock 216 is not in synchronization 
with the corresponding dock in mobOe unit 105. The 
list of firequendes is transmitted by base controller 
201 to TDD 211 which controls the frequency hopping 
cyde of transceiver 213 via frequency synthesizer 
212. Base controller 201 contrds dock 216 to be re- 
sponsive to the synchronization pattern in hopping 
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channel 0 to achieve synchronization with mobile unit 
105 using techniques well known in the art. Once ra< 
dio unit 202 Is In synchronization with mobile unit 105, 
base controller 201 periodically reads the strength 
measurement from signal strength nfK)nitor 214 under 
control of system controller and switch 101. Base con- 
troller 201 then reports this strength measurement to 
system controller and switch 101. 

In the present example, the handoff of mobile unit 
105 is acconiH>li®hed from base station 104 to base 
station 103. Radio unit 202 in base station 103 is now 
In synchronization with mobile unit 105 and is receiv- 
ing the voice information for monitoring purposes 
from nrabOe unit 105. After determining which base 
station should talce t he handoff, system controller and 
switch 1 01 transmite an end handoff message to base 
station 104 which controls radio unit 202 of base sta- 
tion 104 to terminate RF link 114 and transmits to 
base controller 201 of base statton 103 the end hand- 
off conrvrmnd which controls radio unit 202 of base 
station 103 to establish RF link 11 3. Internally, system 
controller and switeh 1 01 performs the necessary op- 
eratk)ns to transfer the call from link 108 to link 109. 

FIG. 3 illusbates mobile unit 105 in greater detail. 
Components in mobile unit 105 Include control unit 
301, wake-up timer 302, and dock 309 for providing 
synchronization to: (1) control unit 301, (2) time do- 
main dupiexer (TDD) 303 and (3) combined dlgltal-to- 
analog and analog-to-dlgitel (D/A+A/D) converter 
304. Also included in mobile unit 105 are RF trans- 
ceiver 306, antenna 307 and frequency synthesizer 
308. Telephone circuits and keypad section 305 per- 
mits the dialing of telephone digits and actuating con- 
trol keys for placing and receiving telephone calls. 

Transceiver 306 comprises both an RF transmit- 
ter and an RF receiver. Transceiver 306 denrtodulates 
voice signals transmitted by a base station and cou- 
ples these signals via the D/A sectton of converter 
304 and hybrid 31 0 on to loudspeaker 31 2. Transceiv- 
er 306 receives Its Input analog speech signals from 
microphone 311. These analog speech signals are 
coupled to the transceiver via hybrid 310 and the A/D 
section of converter 304. Converter 304 oonverte the 
analog signals to a digital signals which are then 
transmitted to RF transceiver 306. Conventk^nal am- 
plifiers 313 and 314 are employed for amplifying the 
analog speech signals obtained from microphone 311 
and provided to loudspeaker 312. 

Consider now the previous example which was 
given with respect to FIG. 1 1n light of FIG. 3. Control 
unit 301 of mobile unit 105 is responsive to the initiate 
handoff message received in the opcode field of one 
of the hopping channels to control TDD 303 such that 
it transmits to unit 304 the synchronizatk)n pattern 
each time hopping channel 0 occurs. Unit 304 utilizes 
the synchronization pattern in place of the analog in- 
formatktn which would normally be received from hy- 
brid 310. The result is that RF transceiver 306 trans- 



mits the synchronizatton pattern in hopping channel 
0. 

Controller 301 is then responsive to the stop 
handoff message received from base statk)n 104 to 

5 stop sending the synchronizatton pattern in hopping 
channel 0. The hopping sequence does not change 
when mobile unit 105 is handed off from base station 
104 to base statk>n 103 since base station 103 Is us- 
ing the same hopping sequence as base statton 104. 

10 FIG. 4 illustrates in greater detail the actions tak- 
en by a base statbn during the handoff sequence. 
FIG. 4 shows both the acttons taken by the base sta- 
tk>n whteh is presently in communk;atk)n with the mo- 
bDe unit (referred to as the active base statton) as well 

IS as the acttons taken by the base stattons whtoh are 
not presentiy in communk^tton with the nrK>bne unit 
(referred to as inactive base stetkins). Consider FIG. 
4 in light of the previous example. Base station 104 
is the active base station, since It is presentiy In com- 

20 munication with mdbiie unit 105. and base stations 
102 and 103 are the Inactive base statbns. Inactive 
refere to the fact that the base station Is not commu- 
nicating with the nrK>bile unit which is going through 
the handoff procedure. Using other radto unite, these 

25 base statk)ns may well be handling communications 
with other mobile unite. When the initiate handoff 
command (which also defines the mobi!e unit being 
handed ofQ it is received from system controller and 
switch 101 in block 401, the base unit determines by 

30 execution of deciston block 402 whether it is presentiy 
communicating with the nrK>bile unit (active k>ase unit) 
or is not. In the present example, when base station 
104 executes decision block 402. the answer is yes, 
and block 414 is executed which transmite the start 

35 handoff message to mobile unit 105. The base con- 
troller also enters a wo6e where it transmite and re- 
ceives voice Informatton only in hopping channels 1 
through 49. By repetitive executton of block 415. the 
base controller of base station 104nrK>nltorsandaver- 

40 ages the signal strength from mobile unit 105. 

Decision bk>ck 416 checks to see whether or not 
another command has been received from system 
controlter and switch 101. If a command has not been 
received from system controller and switeh 101, block 

45 41 5 is re-executed. iHowever, if a command has been 
received, decisk>n block 418 determines if this is a 
read signal strength command from system controller 
and switoh 101. if it is a read signal strength conv 
mand, the base controller transmite a send signal 

50 strength command to system controller and switch 
101 by execution of block 419. The send signal 
strength convnand includes the signal strength and 
the mobile unit identification number. System control- 
ler and switch 101 determines the time interval during 

55 which the signal strength is averaged by the time be- 
tween the initiate handoff command and read signal 
strength command. 

Returning to decision block 418, if a read signal 
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strength command has not been received, decision 
block 420 determines if a end handof f command has 
been received. If a end handoff comn^and has been 
received, the base controller in base station 104 idles 
the radio unit that is in communication with nfiobile 5 
unit 105 by execution of biodc 421. If a end handoff 
command has not been received, execution of deci- 
sion block 422 determines whether a start normal op- 
eration conrunand has been received. If the result of 
the test by decision block 422 is no, control is returned io 
to block 415. However, if the result of the determina- 
tion by decision block 422 is yes, then block 412 Is 
executed which sends the stop handoff message to 
nnobile unit 105 to stop the transmission of the syrv 
chronizatkxi pattern in hopping channel 0. exe- is 
cution of block 41 3 returns the radio unit to normal op- 
eration so that voice information is comnfHjnicated in 
all 50 of the hopping channels. System controller and 
switch 101 transmits a start normal operation com- 
mand to the active base station if system controller 20 
and switch 101 determines from the signal strength 
measurements that the active base station Is recehf- 
ing the strongest signal from the mobile unit 

Returning to deciston block 402, if the result of 
the decisk>n is no which is the result for an inactive 25 
base station, the base controller transmits the hop- 
ping channel sequence to a idle radk> unit in the base 
station by executing block 403. The remainder of the 
discusston of blocks 403 through 413 is given from 
the point of view of base station 1 03 which is receiving 30 
the handoff of mobae unit 105 in this example. By 
execution of block 404, the base controller executes 
the necessary operations to bring the radio unit into 
synchronization with mobile unit 105 and causes the 
radk) unit to enter the nrK>nitorlng mode. Next, block 35 
405 is executed to measure the signal strength from 
the nfK)bile unit in the same manner as block 415 per- 
formed this operation. Dectston block 406 determi- 
nes, if there Is a command from system controller and 
switch 101; if there is no command, bk>ck 405 is re- 40 
executed. If a convnand has been received, decision 
bk)ck407 determines rf an end handoff command has 
been received. If the end handoff command has been 
received, base station 1 03 transmits the stop handoff 
message to mobile unit 105 by execution of block 412 45 
and then enters the normal communication operation 
with mobile unit 105 by executton of block 413. 

Returning to deciston block 407, if the result is no, 
the command is checked to determine whether it Is 
the idle radio unit contmand. System controller and so 
switch 101 transmits the idle radk) unit command to a 
base station if that base station has not been selected 
to receive the handoff of the nrK)bile unit In the pres- 
ent example, the idle radio unit command is not re- 
ceived by base station 103 but is received by base 55 
station 102. If the idle radk> unit command has not 
been received, decisk>n block 409 determines if a 
read signal strength command has been received. If 



the answer is yes, block 410 is executed to transmit 
the signal strength to system controller and switch 
101 utilizing the send signal strength command. 
Otherwise, control is transferred from deciston block 
409 to block 405. 

FIG. 5 aiustrates the operations performed by 
system controller and switch 101 in response to a re- 
quest for handoff command from an active base sta- 
tion (block 501). By execution of block 502, the sys- 
tem controller and switch 101 transmits an initiate 
handoff command to the active base station (in the 
present example base station 104). The command in- 
cludes the identification number for the mobile unit 
Next, execution block 503 transmits initiate handoff 
commands to the inactive base stations. The initiate 
handoff command to an inactive base station Includes 
the seed for the hopping sequence and identification 
number of the mobile unit 

Block 505 obtains the mobQe signal strength as 
measured by each of the base stations by transmis- 
sk)n of read signal strength commands and reception 
of send signal strength commands. Decision block 
506 determines whether the active base station is re- 
ceiving the highest signal strength in which case no 
handoff operation Is performed. If the result of deci- 
sk>n block 506 is yes, block 510 is executed resulting 
In the transmission of the start normal operation com- 
mand to the active base statton. Finally, bk>ck 511 is 
executed which results in idle radio commands being 
transmitted to the inactive base stations. 

Returning to decision block 506. If the active 
base station is not receiving the highest signal 
strength, then block 507 is executed to select the in- 
active base station receiving the highest signal 
stiBngth. By execution of block 508, system conbx>ller 
and switch 101 transmits end handoff commands to 
the selected inactive station and the active station 
with kJle radio unit commands being transmitted to 
the non-selected inactive base stations. Executton of 
block 508 results in the nrK>bile unit being in commu- 
nication with the selected inactive unit and the conv 
munication link being dropped between the mobile 
unit and the active base station which is now inactive 
with respect to that mobile unit 

FIG. 6 Blustrates the operations performed by a 
mobile unit in response to a start handoff nrmssage. 
In response to the start handoff message, the nK>blle 
unit begins to transmit the synchronization pattern in 
hopping channel 0 and continues to encode the voice 
information in the renrraining 49 hopping channels. 
Decision block 603 determines when the stop hand- 
off command has been received. Once the stop hand- 
off command has been received, block 604 stops the 
transmission of the synchronization pattern and re- 
turns the mobile unit to normal operation where all 50 
of the hopping channels are utilized for voice commu- 
nication. 

FIG. 7 Illustrates the Information that is transmlt- 
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ted each time within a hopping channel. First, the 
base station transmits and the handset receives for 
2.5 miiliseconds, and then the mobOe unit transmits 
and the base station receives for 2.5 miiliseconds. 
Note, that elastic region 704 is time allowed for trans- 
mission delay of radio waves. Relds 701 and 702 de- 
fine the mobile unifs identification code. Voice is 
transmitted in field 705. The different operational 
messages, e.g., start handoff message, are transmit- 
ted in field 703. The remaining fields are similar to 
those just described. 



Claims 

1. A method of controlling a transfer of a wireless 
mobile unit from a first one of a plurality of wire- 
less base stations to another one of the plurality 
of wireless base stations in a wireless system and 
the wireless system having a switching controller, 
the method comprises the steps of: 

detecting the need for a transfer of the 
wireless mobile unit by the first one of the wire- 
less base stations and transmitting a transfer re- 
quest message to the switching controller; 

transmitting initiate transfer messages to 
the wireless base stations by the switching con- 
troller in response to the transfer request mes- 
sage; 

signaling the wireless mobile unit to trans- 
mit synchronization information with voice infor- 
mation of the call by the first one of the wireless 
base stations in response to one of the Initiate 
transfer messages; 

synchronizing to the wireless nK3bile unit 
using the synchronization information by the re- 
maining ones of the wireless base stations in re- 
sponse to the initiate transfer messages; 

measuring the signal strength of the wire- 
less mobile unit by each of the wireless base sta- 
tions and transmitting the signal strength meas- 
urements to the switching controller by each of 
the wireless base stations; and 

selecting a second one of the wireless 
t>ase stations to receive the transfer of the wire- 
less mobile unit from the first one of the. wireless 
base stations by the switching controller In re- 
sponse to the signal strength measurements re- 
ceived from the wireless base stations. 

2. The method of daim 1 wherein the step of select- 
ing comprises the steps of transmitting an end 
transfer message to the second one of the wire- 
less base stations; and 

signaling the wireless mobile unit to stop 
transmitting the synchronization information with 
the voice information by the second one of the 
wireless base stations In response to the end 



transfer message. 

3. The method of daim 2 wherein the step of select- 
ing further comprises the step of transmitting 

5 stop transfer messages to the first one and re- 

maining ones of the wireless base stations; 

discontinuing the call with the wireless 
mobile unit and stopping the signal strength 
measurement by the first one of the wireless 

10 base stations in response to one of the stop trans- 
fer messages; and 

stopping the signal strength measure- 
ments by the remaining ones of the wireless base 
stations in response to the stop transfer messag- 

15 es. 

4. An apparatus for controlling a transfer of a wire- 
less mobile unit from a first one of ia plurality of 
wireless base stations which Is comnmjnicating a 

20 call with the wireless mobile unit in a wireless 
system and the wireless system having a switch- 
ing controller, the apparatus comprises: 

means in thef irst one of the wireless base 
stations for detecting the need for a transferof the 

25 wireless mobile unit and transmitting a transfer 
request message to the switohing controller; 

means in the switohing controller for trans- 
mitting initiate transfer messages to the wireless 
base stetions in response to the transfer request 

30 message; 

means in the first one of the wireless base 
stetions for signaling the wireless mobile unit to 
transmit synchronization information with voice 
information of the call in response to one of the 

35 initiate transfer messages; 

means in the remaining ones of the wire- 
less base stations for synchronizing to the wire- 
less nrwbile unit using the synchronization infor- 
mation in response to the initiate transfer mes- 

40 sages; 

means in each of the wireless t>ase sta- 
/ tions for measuring the signal strength of the 
wireless nrwbile unit and transmitting the signal 
strength measuremente to the switching control- 
45 lenand 

means in the switching controller for se- 
lecting a second one of the wireless base stetions 
to receive the transfer of the wireless mobile unit 
from the first one of the wireless base stations In 
so response to the signal strength measurements 
received from the wireless base stetions. 

5. The apparatos of daim 4 wherein the selecting 
means comprises means for transmitting an end 

55 tiBnsfer message to the second one of the wire- 
less base stetions; and 

means in the second one of the wireless 
base stetions for signaling the wireless mobile 
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unit to stop transmitting the synchronization infor- 
mation with the voice information in response to 
the end transfer message. 

The apparatus of daim 5 wherein the selecting s 
means further comprises means for transmitting 
stop transfer messages to the first one and re- 
maining ones of the wireless base stations; 

means in the first one of the wireless base 
stations for discontinuing the call with the wire- 10 
less mobHe unit and stopping the signal strength 
measurement in response to one of the stop 
transfer messages; and 

means in the remaining ones of the wire- 
less base stations for stopping the signal strength is 
measurements in response to the stop transfer 
messages. 
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